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Specifically, vision plays an important role in providing a reference frame for postural balance and stability, and cataract-induced changes in vision have been found to be associated with postural instability. 8 A systematic review found that patients who wait more than 6 months for cataract surgery had an increased rate of falls. 9 Furthermore, cataracts have been found to be the most common cause of fracturerelated visual impairment, 10 with untreated cataract causing up to 49% of visual impairment in patients with femoral neck fractures related to decreased vision. 10 Despite the association of poor vision and cataracts with increased fall and fracture risk, only a limited number of studies [11] [12] [13] [14] [15] have examined the influence of cataract surgery on fall incidence in visually impaired adults, and only 2 of these studies 11, 12 examined the incidence of fractures secondary to falls. These 2 studies examined the relationship of first and second eye cataract surgery with fall and fracture risk in the same population of women in the United Kingdom older than 70 years, with sample sizes of fewer than 350 pa-tients in each study. To our knowledge, no other studies have examined the association of cataract surgery and fracture incidence in visually impaired adults. This study examined the association between cataract surgery and fracture incidence in a cohort of US Medicare beneficiaries.
METHODS
The 2002-2010 Denominator and Physician/Supplier Part B files for a 5% random sample of Medicare beneficiaries were obtained from the Centers for Medicare & Medicaid Services (CMS). Data for all patients with diagnosis codes for cataract were extracted from the Physician/Supplier Part B files using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 16 diagnosis codes (eAppendix 1, available at http://www .jama.com).
Patients with the following characteristics were excluded: age younger than 65 years, residence outside the 50 US states or District of Columbia, lack of Medicare Part B coverage, possession of health maintenance organization coverage not processed by the CMS, and history of cataract surgery before the study period indicated by the presence of aphakia or pseudophakia based on ICD-9-CM diagnosis codes. Medicare Part A claims were not included; patients who are admitted as inpatients to the hospital still have physician services billed under Part B. 17 The study was approved by the institutional review board of the University of California, Los Angeles.
The cataract surgery group comprised Medicare patients who had a diagnosis code of cataract and then a procedure code for cataract surgery using Current Procedural Terminology (CPT) 18 codes from 2002 to 2009. The cataract diagnosis group comprised patients with a diagnosis code of cataract without a cataract surgery procedure code. The cataract surgery group patients were followed up for 1 year after the date of surgery, which was defined by the date of the first service bill for cataract surgery. The cataract diagnosis group patients were followed up for the calendar year in which the diagnosis appeared.
Outcomes
The primary outcome of this study was the occurrence of hip fracture during the follow-up period. The secondary outcome was the occurrence of any fracture during the follow-up period. Fracture occurrence was defined by the first surgical or nonsurgical fracturerelated Medicare service; single and multiple fractures were not distinguished. Surgical services were identified by CPT codes, and nonsurgical services were identified by ICD-9-CM diagnosis codes (eAppendix 2).
To further compare fracture incidence between the cataract surgery and cataract diagnosis groups, a 1-year look back was also performed for the cataract surgery group to determine the incidence of fractures 1 year prior to surgery. Patients who received cataract surgery in 2002 did not have fracture data included in the 1-year look back because Medicare data from 2001 were not available.
Baseline Characteristics
Demographics included age, sex, selfreported race/ethnicity, and US region of residence. Patients were categorized into 5-year age subgroups as was done in previous studies of fracture risk that stratified patients by age. 1, 7 Mean age was also assessed, although it may have been underestimated because all patients 98 years and older are coded as being 98 years old in the Medicare database. Patient race in the Medicare database was determined by selfreported data from the Social Security Administration at the time of application for a Social Security number. 19 Overall systemic health was determined by the Charlson Comorbidity Index (CCI) score, which assigns patients a score between 0 and 6 based on the likelihood of mortality secondary to age and the presence or absence of selected systemic diseases. 20 In the original CCI study cohort, a score of 0 was associated with a 10-year survival rate of 99%, and a score of 5 was associated with a 10-year survival rate of 34%.
Diseases in the CCI include myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatologic disease, peptic ulcer disease, cirrhosis, hepatic failure, immunosuppression, diabetes mellitus with or without complications, hemiplegia or paraplegia, chronic renal disease, malignant neoplasms, multiple myeloma or leukemia, lymphomas, metastatic solid tumor, and AIDS. Charlson Comorbidity Index score stratification was selected based on the original CCI study, which classified 1-year mortality based on CCI score subgroups of 0 (12% mortality), 1 or 2 (26% mortality), 3 or 4 (52% mortality), and 5 or greater (85% mortality).
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Systemic conditions that increase the risk of fractures and are not included in the CCI were also examined; these included osteoporosis, hyperthyroidism, hyperparathyroidism, and Cushing syndrome. Ocular comorbidities included glaucoma, age-related macular degeneration, and diabetes mellitus with ophthalmic manifestations. Both systemic and ocular comorbidities were identified using ICD-9-CM diagnosis codes (eAppendix 3 and eAppendix 4).
Two additional baseline characteristics that were examined included severe cataracts and physically limiting conditions. As the Medicare database does not have data on visual acuity or cataract surgery wait time, the prevalence of severe cataracts was considered a proxy for these factors. Cataract subtypes that were considered severe included anterior and posterior subcapsular cataracts, total or mature cataract, hypermature cataract, and combined forms of cataract. To determine patient mobility, the presence of 1 or more physically limiting conditions was examined; these conditions included limitations secondary to cerebrovascular disease, hemiplegia, paraplegia, myopathy, neuropathy, and peripheral vascular disease. With the exception of Cushing syndrome, for RISK OF FRACTURES AFTER CATARACT SURGERY which prevalence was too sparse for model inclusion, all baseline characteristics were considered potential confounding factors and included in the statistical model.
Statistical Analysis
Descriptive statistics were used to describe the baseline characteristics for the entire study population, the cataract surgery group, and the cataract diagnosis group. Baseline characteristics of the cataract surgery and cataract diagnosis groups were compared with 2 tests. The association of cataract surgery with 1-year incidence of hip fractures and any fractures was estimated using multivariable logistic regression models and expressed as an adjusted odds ratio (OR) with a 95% confidence interval. Potential confounders that were included in the adjusted analysis included age, sex, race/ ethnicity, US region of residence, CCI score, osteoporosis, hyperthyroidism, hyperparathyroidism, glaucoma, agerelated macular degeneration, diabetes mellitus with ophthalmic manifestations, severe cataract, and having 1 or more physically limiting conditions.
Age was coded as a continuous variable that truncated at 98 years of age because all Medicare patients 98 years and older are coded as 98 years old. Age was analyzed as a categorical variable. Race/ethnicity, sex, and region of residence were coded and analyzed as categorical variables. Charlson Comorbidity Index score was calculated based on the presence or absence of the 20 systemic conditions mentioned earlier in this section; CCI score was thus coded as a continuous variable but analyzed as a categorical variable. All systemic and ocular comorbidities were coded and analyzed as dummy variables based on the presence of the condition. Logistic regression models were also performed on age, sex, CCI score, and severe cataract subgroups to further examine their influences on the 1-year fracture incidence after cataract surgery. Tests of interaction with cataract surgery were performed for age, sex, and CCI subgroups.
The propensity score of having cataract surgery was calculated for each patient by a logistic regression model including all variables in the fully adjusted logistic regression for fractures. Patients were divided into decile subgroups, or 10 subgroups of equal sample size, based on their propensity scores. The incidences of hip fractures and any fractures were then determined for each propensity score subgroup and compared between the cataract surgery and cataract diagnosis groups. All statistical analyses were conducted using SAS version 9.2 (SAS Institute).
RESULTS
Demographic data are listed in 
Prevalence of Baseline Comorbidities
Baseline comorbidities are listed in Table 1 . The majority of patients in both the cataract surgery and cataract diagnosis groups had a CCI score of 1 or 2; no patients in the study had a score of 0. Osteoporosis was the most common fracture-related comorbidity (n = 134 335; 12.1%); there was a low prevalence (Ͻ2%) of other systemic conditions related to fractures. When compared with the cataract diagnosis group, there was a significantly higher prevalence of osteoporosis, hyperparathyroidism, and all ocular comorbidities in the cataract surgery group. The prevalence of severe cataract was significantly higher in the cataract surgery group (n = 168 180; 40.9%) than the cataract diagnosis group (n=64 938; 9.2%). The prevalence of 1 or more physically limiting conditions was significantly higher in the cataract surgery group than in the cataract diagnosis group among all the study patients (P Ͻ .001) but was not different between 2 groups when only examining patients with severe cataract (P=.35).
Fracture Incidence
During the study period, the overall 1-year fracture incidence was 1.3% (n = 13 976) for hip fractures and 5.4% (n = 59 791) for any fractures. Fracture incidences for other body parts are listed in TABLE 2. The crude incidences of hip fractures in cataract surgery and diagnosis groups were 1.3% and 1.2%, respectively, for patients with any cataract and 1.3% and 1.5%, respectively, for patients with severe cataract (TABLE 3) .
Fracture Risk
The unadjusted OR of hip fracture within 1 year demonstrated higher odds of fracture in the cataract surgery group compared with the cataract diagnosis group (OR, 1.05; 95% CI, 1.02-1.09).
Stepwise adjustment with demographics and comorbidities showed lower odds of hip fracture in the cataract surgery group compared with the cataract diagnosis group for all levels of adjustment (TABLE 4). In patients with severe cataract only, both unadjusted and fully adjusted models demonstrated lower odds of hip fracture in the cataract surgery group compared with the cataract diagnosis group (Table 4) .
The absolute risk differences between the cataract diagnosis and cataract surgery groups for hip fractures and any fractures were 0.20% and 0.24%, respectively. The numbers needed to treat for hip fractures and any fractures were 507 and 422, respectively.
Risk of Fractures by Propensity Score Decile
After stratifying by decile of propensity score, which adjusted for all demographic and comorbidity factors noted earlier, the differences in all variables 
RISK OF FRACTURES AFTER CATARACT SURGERY
within each propensity score decile stratum between the cataract diagnosis and cataract surgery groups were within 5%, although some variables remained statistically significant (eTables 1 through 10). There were lower odds of hip fractures within 1 year in patients in the upper 5 deciles of propensity scores (TABLE 5) . When compared with the cataract diagnosis group, the odds of hip fractures within 1 year in the cataract surgery group progressively decreased with each increasing decile of propensity score, with the lowest odds of fracture in the highest decile of propensity score (OR, 0.68; 95% CI, 0.61-0.75).
Risk of Fractures by Age and Sex
Tests of interaction were significant for cataract surgery and age (PϽ.001) but not significant for sex (P = .75) (TABLE 6). Logistic regression analysis was not performed for cataract surgery and sex because of the test of interaction that was not significant. When stratified by age and adjusting for all other demographic and comorbidity factors noted earlier, there were lower odds of fracture within 1 year in patients aged 75 years and older in the cataract surgery group when compared with patients with the same age in the cataract diagnosis group (Table 6) . When compared with patients of the same age in the cataract diagnosis group, patients 80 to 84 years old in the cataract surgery group had the lowest odds of hip fracture after cataract surgery of all the age groups (OR, 0.72; 95% CI, 0.67-0.78).
Risk of Fractures by CCI Score
When stratified by CCI score, there were lower odds of hip fractures following cataract surgery in patients with a CCI score of 3 or 4 and 5 or greater in the cataract surgery group when compared with patients with the same CCI scores in the cataract diagnosis group (Table 6 ). The association was stronger for patients with CCI score of 3 or 4 than for patients with CCI score of 5 or greater, with ORs of 0.72 (95% CI, 0.68-0.77) and 0.74 (95% CI, 0.68-0.81), respectively.
COMMENT
Cataract surgery was associated with a 16% decrease in the adjusted odds of hip fracture 1 year after the procedure in Medicare patients 65 years and older when compared with patients with a diagnosis code for cataract who did not have cataract surgery. Patients with cataract surgery had a higher crude risk of hip fracture when compared with patients who did not have cataract surgery, although this was due to unequal age distributions between the 2 groups and likely due to confounding by indication. In patients with severe cataract, the association between cataract surgery and lower odds of hip fracture was even stronger, with 23% reduction in the adjusted odds of hip fracture in the cataract surgery group compared with the cataract diagnosis group.
When compared with patients in the cataract diagnosis group with similar propensity scores, the patients with the highest propensity scores who were most likely to receive cataract surgery experienced the most significant decrease in odds of hip fracture following cataract surgery. Patients who were sicker also experienced lower odds of hip fracture following cataract surgery; patients with a CCI score of 3 or 4 in the cataract surgery group were 28% less likely to experience a fracture than equally sick patients in the cataract diagnosis group, and patients with a CCI score 5 or greater were 26% less likely to experience a fracture following cataract surgery compared with patients with a CCI score 5 or greater who did not receive surgery. When compared with age-matched counterparts who did not receive cataract surgery, this study found that patients aged 80 to 84 years experienced the most significant reduction in odds of hip fracture following cataract surgery of all 5-year age groups older than 65 years. Although sex is associated with the risk of hip fracture, 21 there was no differ- ence in the risk reduction of hip fractures after cataract surgery by sex.
Comparison With Existing Studies
A literature search was conducted on October 4, 2011, in PubMed with no date restrictions and was limited to articles published in English. The search strategy used the MeSH term cataract extraction and the text words fractures and falls. The searches yielded 44 articles. Studies were included for qualitative analysis if they specifically examined the incidence of fractures or falls after cataract surgery. Studies that only examined the incidence of fractures or falls in patients with cataract but did not examine incidence following cataract surgery were not included. Studies that did not analyze the effect of cataract extraction on fall or fracture incidence separately from other visual interventions were not included. A total of 5 articles met the criteria for inclusion. The comparison of findings from the current study with the small number of existing studies [11] [12] [13] [14] [15] of falls and fractures following cataract surgery was limited by differences in sample size, study population, and study design. All existing studies examined the incidence of falls following cataract surgery as a primary outcome, with only 2 studies 11,12 examining fracture incidence as a secondary outcome.
Although all existing studies were prospective, only the studies by Harwood et al 11 and Foss et al 12 were randomized controlled trials. These studies examined fracture incidence in 306 and 239 women with cataracts, respectively. In both of these studies, patients were randomized either to expedited cataract surgery or cataract surgery with normal wait time. Harwood et al 11 reported that expedited cataract surgery reduced the 1-year incidence of falls postoperatively when compared with cataract surgery with normal wait times in the United Kingdom for women older than 70 years. There was a 34% reduction in the rate of falls overall (rate ratio, 0.66; 95% CI, 0.45-0.96). A total of 16 patients sustained fractures following cataract surgery; 4 of these patients were in the expedited cataract surgery group and 12 in the group with normal wait times. The 1-year fracture incidence after expedited cataract surgery was 67% less than the 1-year fracture incidence after cataract surgery with normal wait time (risk ratio, 0.33; 95% CI, 0.1-1.0). Fall and fracture incidence was determined by patient diary recordings, telephone calls, and in-person interviews.
Foss et al 12 examined the same population as that in the study by Harwood et al; they used the same methodology but looked at the effect of second-eye rather than first-eye cataract surgery on 
Ͻ.001
Abbreviation: OR, odds ratio. a Propensity score of cataract surgery was calculated based on following factors: age, race, sex, region of US residence, Charlson Comorbidity Index score, osteoporosis, hyperthyroidism, hyperparathyroidism, age-related macular degeneration, diabetes mellitus with ophthalmic manifestations, glaucoma, presence of physically limiting conditions, and severe cataract. b For fractures after cataract surgery. Cataract patients without cataract surgery were used as a reference.
the rate of falls. They did not find a significant association between secondeye cataract surgery and decreased odds of falls or fractures but acknowledged that their study was underpowered, with only 8 patients who experienced a fracture during their study period. A systematic review looked at these 2 studies and did not find a significant effect on falls. It did also note other flaws of these studies: confounding variables were not adequately controlled for; both trials had insufficient power; and 10.7% of cases were lost to follow-up secondary to death, patient withdrawal from the study, and patients undergoing surgery outside the study. 15 Brannan et al 13 reported a statistically significant decrease in the rate of falls after cataract surgery when compared with the rate of falls preoperatively in 31 patients (OR, 0.08; 95% CI, 0.0092 to Ͼ0.32). Fall incidence was determined by patient diary recordings and telephone calls. Limitations of the study by Brannan et al include lack of a control group of patients who did not have cataract surgery and a small sample size of 84 total patients. McGwin et al 14 reported that cataract surgery was not associated with decreased odds of falls. They compared patients with cataract who received and did not receive surgery. Fall incidence was determined by patient interviews at baseline and 12 months later; patients did not record falls in a diary or questionnaire. Limitations of the study by McGwin et al include recall bias and lack of stratification of patients by age and comorbidities.
Study Limitations
The limitations of this study are mainly related to its observational and retrospective nature and use of administrative data. Observational studies are inherently limited by their inability to account for unmeasured confounders, leading to the possibility of increased bias and preventing the ability to reach causal conclusions. 22, 23 To try to adjust for the inability of this study to account for selection bias and confounding by clinical indication, fracture incidences were compared for the cataract surgery and cataract diagnosis groups after patients in each group were matched by propensity scores; this analysis demonstrated that patients most likely to have cataract surgery experienced significantly lower fracture incidence following surgery when com- pared with patients who did not receive surgery. The Medicare data set is based on billing data from ICD-9-CM and CPT codes; certain codes for parameters relevant to this study were thus not available, including visual acuity, medication use, and laterality of cataract surgery. Additionally, there were certain relevant parameters for which a code was available but not routinely used by clinicians, including smoking, alcohol use, obesity, visual impairment, and falls. To account for the lack of data on visual acuity and cataract surgery wait time, a subgroup analysis was performed in patients with a diagnosis code for severe cataract, which demonstrated stronger effects than the analysis of the entire study population. To account for the possibility of patient immobility as a confounder, the prevalence of 1 or more physically limiting conditions was determined for the cataract surgery and cataract diagnosis groups. Although there was a significant difference in the prevalence of these conditions for the overall study population, the difference was not significant in patients with severe cataract, suggesting that patient immobility was unlikely confounding the significant association between cataract surgery and lower odds of fracture in patients with severe cataract.
In addition to the lack of certain codes, there are other limitations to the Medicare database. For the 1-year look back of fracture incidence in the cataract surgery, there were no data available before 2002. Therefore, fracture data prior to surgery was not available for patients who had cataract surgery in 2002, and this may have lowered the 1-year look back fracture incidence for the cataract surgery group. There may have also been misclassification of existing codes that were examined in this study. However, in large-scale studies based on claims data, misclassification errors have been shown to occur in the same frequency in both comparison groups as a function of the large size of the population, overcoming the effects of nondifferential misclassification errors. 24 For patients in the cataract diagnosis group who experienced a fracture, it was not possible to determine whether the diagnosis code for cataract or fracture appeared first in the calendar year. However, given that most types of cataract are chronic, it is likely that the majority of patients in the cataract diagnosis group had a cataract present for most of the calendar year when the diagnosis appeared. Furthermore, by adjusting for CCI score and systemic conditions known to increase fracture risk, the potential confounding effect of systemic comorbidities on fracture risk was reduced for this group of patients. Another limitation of the control group is the inability to identify patients who self-paid for cataract surgery and thus did not appear to have cataract surgery in the Medicare database. However, it is likely that the majority of these patients would still have an ICD-9-CM code for pseudophakia, which would have excluded them from the study. Finally, there is a possibility that patients who died or switched to insurance outside of Medicare did not have a full year of follow-up data available. However, given that this study has a short 1-year follow-up period, the dropout rate is most likely small and ignorable, especially for younger and healthier patients who are less likely to die or drop out within 1 year of follow-up.
Study Advantages
This study has several strengths. To date, this is the largest and most comprehensive study of the association between cataract surgery and fracture risk. The Medicare database is highly representative of the US population 65 years and older: in 2009, 38 765 399 of 39 570 500 total US adults aged 65 years and older (98%) were enrolled in Medicare. 25, 26 In addition to being representative of the US population, the large sample size in this study increases its statistical power and ability to detect differences accurately between 2 comparison groups. Finally, the Medicare database has a large availability of clinical and procedural ocular and systemic data in addition to regional and demographic data, increasing the ability of this study to assess and control for a wide range of conditions in a diverse patient population.
CONCLUSIONS
Cataract surgery may be associated with lower odds of subsequent fracture in patients aged 65 years and older in the US Medicare population. Future prospective studies using standardized registries of patients with cataracts will help further elucidate the association between cataract surgery and fracture risk. Cataract surgery has already been demonstrated to be a cost-effective intervention for visual improvement, with an estimated cost per quality-adjusted life-year gained for cataract surgery in the first eye of $2023 in the United States 27 and $2727 in the second eye. 28 The results in this study suggest the need for further investigation of the additional potential benefit of cataract surgery as a cost-effective intervention to decrease the incidence of fractures in the elderly.
